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Is there evidence of clustering in Down syndrome?
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Background Assodations between environmental hazards and the occurrence of congenital anomalies may be detectable by seeking evidence of non-random occurrence of cases (clusters). There have been a number of anecdotal reports of occurrences of clusters of Down syndrome (DS).
Methods
Data from a national register of cytogenetic diagnoses of Down syndrome births and legal terminations occurring between 1989 and 1995 were used to examine the possibility of clustering. Space-time clustering at Regional Health Authority (RHA) level was examined by comparing the expected monthly number of DS pregnancies given the maternal age distribution, with the observed numbers. Knox's method was used to determine if any clustering of RHA of unexpectedly high prevalence had occurred. Seasonably was also investigated by comparing monthly expected and observed numbers of DS pregnancies. Time clustering was examined by using the scan statistic to determine whether a statistically significant excess of pregnancies in any 3-month period occurred in any individual or adjacent groups of District Health Authority (DHA).
Results
The numbers of DS pregnancies were no higher than expected (P < 0.05) in the same RHA over consecutive months. There was no evidence of any seasonally of DS pregnancies (P > 0.5). Only two individual DHA and three pairs of adjacent DHA had significantly high scan statistics (P < 0.03), but as over 400 statistical tests had been completed 12 clusters would be expected to have occurred due to chance alone. Conclusion There was no evidence of any space-time clustering in DS at DHA level. Keywords Down syndrome, clusters Accepted 2 October 1997
An important method of detecting associations between environmental hazards and the occurrence of congenital anomalies is to seek evidence of non-random occurrence as revealed by clusters of cases. The best known clusters over time are of fetal defects which follow the introduction of a new teratogen, such as that which followed the use in pregnancy of thalidomide, leading to a sudden excess of a previously extremely rare malformation. Even in the case of chromosomal anomalies where the timing of the causal insult has to be pre-or peri-conceptional, there have been a number of anecdotal reports oT occurrences clustering over space and/or time. Previous studies have attempted to identify dusters, 1 ' 2 but due to their small size and lack of ability to adjust for the increase of risk with maternal age, dustering has never been confirmed statistically. The existence of a register of cytogenetically diagnosed Down syndrome (DS) births and legal terminations for the whole of England and Wales, which comprises about 8000 cases occurring between 1989 and 1995, has provided a new opportunity to examine the possibility of space-time clustering at regional, and time dusters at district level.
This report comprises two different approaches to identify any clusters of cytogenetically diagnosed DS at Regional Health Authority (RHA) and District Health Authority (DHA) level in England and Wales, after allowing for the effects of prenatal detection and termination, and maternal age distribution.
Methods
The National Down Syndrome Cytogenetic Register
The National Down Syndrome Cytogenetic Register (NDSCR) collects reports from all regional cytogenetic laboratories in England and Wales of pre-or postnatally referred cases found to have a karyotype assodated with phenotypic DS. The methods of data collection and processing have been described previously. 3 ' 4 In brief, with the collaboration of the Association of Clinical Cytogenetidsts and its members, a form completed by the laboratory is received by the register for diagnoses relating to DS, including data on the cytogenetic findings, indication for referral, diagnostic test performed and date, maternal age or date of birth, outcome of the pregnancy and date and gestational age at testing and delivery. For a majority of cases the referring physician receives a copy of the form and most add any missing relevant clinical information. Checks are made for possible duplicates, and further validation is possible by exchanging information with the Office for National Statistics (ONS) which receives notifications of births diagnosed within 10 days of birth, although both sets of data are anonymous. Births or terminations of pregnancy to mothers resident outside England and Wales are excluded as are any miscarriages or stillbirths which had not been prenatally diagnosed. Data are now available for 7994 cases karyotyped 1989-1995. Currently geographical data is only available by DHA, but in future the postcode of the mother's home will be obtainable.
Maternal age was missing for 4% of women, 0.3% with a prenatal diagnosis and 6% with a postnatal diagnosis. The age distribution of these women with prenatal diagnosis was assumed to be the same as that of the women of known ages with a prenatal diagnosis, and for the women with a postnatal diagnosis the same as that of the women of known ages with a postnatal diagnosis.
Statistical methods for detecting clusters
Space-time clustering at Regional Health Authority level
For each RHA, 1989-1995, the expeaed monthly number of babies born with DS, is compared with the observed numbers, to determine if there is a significant excess. This method adjusts for differences in maternal ages over England and Wales using data from the ONS, but confidentiality restrictions on the ONS data precluded a finer geographical breakdown.
Calculation of expected Down syndrome births
The expeaed monthly number of babies is calculated by applying the age-specific risks of a DS birth to data provided by the ONS on the number of live births by calendar month of birth by single year of maternal age. In the ONS data maternal age was truncated at S45 years, and therefore all births occurring in this category were excluded as the precise maternal age was unknown. These comprised only 0.07% of all births.
The most commonly used estimates of maternal age determined risk of DS are. derived from pooled population data assembled before prenatal diagnosis was available. A revision of these risks by Hecht 5 has been applied to the ONS data to calculate the expeaed numbers of affeaed births with DS in the absence of prenatal screening and termination by Region over 1989-1995. The equation used is: (-16 .288 + 0.2916*maternal age in years)
Calculation of observed numbers of Down syndrome birtlis
The observed data derived from the register is based on cytogenetic diagnoses, and includes terminations of pregnancy as well as still and live births. Since the advent of prenatal screening affeaed pregnandes which would have been aborted spontaneously and therefore not ascertained, are inflating the rates previously based on live births. As the level of prenatal saeening has increased since 1989 and varies between the different RHA in England and Wales, the observed number of DS live births cannot be direaly compared temporally or geographically.
In order to adjust for this inflation an estimate has been made of the likely number of live births which would have occurred in the absence of prenatal diagnosis and termination. 6 ' 7 This uses data on likely fetal losses in affeaed pregnandes diagnosed early or late in pregnancy, and subtraas them from the observed number of terminations.
Over the years 1989-1995 the NDSCR included 3419 affeaed pregnandes diagnosed prenatally, 2721 (80%) were terminated, and 3% either miscarried or were stillborn after amniocentesis. In 13% no information on outcome was available. An earlier study estimated the overall risk of early fetal loss of affeaed pregnandes as about 48% prior to 13 weeks' gestation and 23% over 13 weeks' gestation. 8 Using these rates the additional number of live births that would have occurred if all the prenatally diagnosed pregnandes which were terminated had been left to continue to term was calculated. The same rates were also applied to all the unknown outcomes. These numbers were added to the number of live births between 1989 and 1995 on the NDSCR to give an estimate of the 'natural' observed numbers of live births with DS which would have occurred in the absence of screening.
All DS pregnandes that occurred in women 5=45 years were excluded to be consistent with the ONS data. This affeaed only 0.9% of pregnandes. Dates of birth were assigned to prenatally diagnosed cases that were terminated, by assuming that the birth would have occurred in the 38 th week of gestation (the median gestational age at birth). The data covered all cases karyotyped from 1989 to 1995, but as we were interested in births from 1990 to 1995, those cases that were diagnosed prenatally in 1995, but whose expeaed date of birth was in 1996 were exduded from the analysis. Of 7994 cases karyotyped 7036 were induded in the analysis.
Identification of high prevalence areas
The ratio of the 'natural' observed numbers of live births with DS compared with the expeaed numbers was calculated for each RHA for each month. The assumption was made that the numbers of DS live births in a month in an RHA follow a Poisson distribution with a mean equal to the expeaed number of DS live births for that month in that RHA. Any observed values that differed significantly from the expeaed values were identified as 'high' occurrences. Two levels of statistical significance were used: 90% and 95%.
Test for clustering of high prevalence areas
Evidence of clustering of these 'high' occurrences was then examined using Knox's method of space-time clustering. 9 ' 10 This involves classifying simultaneously all possible pairs of 'high' occurrences according to their distances apart in space and time. Two 'high' occurrences are assumed to be near in time if they occurred within one month of each other and near in space if they occurred in the same RHA. The frequendes of combined short-distance and short-time intervals are compared with the number which would be expeaed by chance.
Clustering due to seasonality
The effea of seasonality was investigated by summing both the 'natural' observed numbers of live births with DS and the expeaed numbers calculated above across all RHA for each month. A Poisson distribution was then fitted to the observed national number of births for each month, with a mean equal to the expected number of DS live births nationally for that month.
Time clustering at District Health Authority level
For each DHA we estimated monthly numbers of DS in the absence of prenatal diagnosis and termination. The aim was to determine whether, given the total number of births from 1989 to 1995 in that particular DHA, there was a sudden excess of births in any particular 3-month period. No allowance was made for maternal age distribution, but it was assumed that within a DHA this does not vary sharply over time.
Calculation of the scan statistic in each District Health Authority
Given the total number of 'natural' observed DS births occurring in a DHA from 1989 to 1995, the expected maximum number of cases occurring in any 3-month period was calculated. This is the scan statistic. 11 In each DHA, the expected value was compared with the observed 3-monthJy maximum using Glaz's approximations of the probabilities and moments of the scan statistic. Data from all the DHA were then combined by summing the maximum observed numbers in all DHA and comparing this with the sum of the expected values.
Calculation of the scan statistic in each pair of adjacent District Health Authorities
This analysis was then repeated for all pairs of adjacent DHA, i.e. the 3-month period in which the maximum 'natural' observed number of DS births that occurred in two adjacent DHA was identified. Given the total number of 'natural' observed DS births occurring in these two DHA from 1989 to 1995, the expected maximum number of cases occurring in any 3-month period was calculated. This was done in case single DHA were too small to detect clusters. As any single DHA will be pan of several pairs of adjacent DHA, no statistic was calculated to detect the overall level of clustering.
Calculation of the scan statistic in sets of adjacent District Health Authorities
The above analysis was then repeated for all triplets of adjacent DHA. Finally, for each DHA separately, the 3-monthly maximum was calculated for it and all DHA adjacent to it.
Results
Regional Health Authority analysis
For the 15 regions over the 84 months there were 21 occurrences of significantly higher than expected numbers of babies born with DS at the 95% level of significance and 69 at the 90% level of significance. If there is evidence of clustering, it would be expected that the pairs of these 'high' occurrences would occur close to each other in time (i.e. in consecutive months) or space (i.e. in the same RHA). Therefore all possible pairs of 'high' occurrences were classified according to whether they were (Tables 1 and 2) . At the 95% level of significance only 16 out of 210 possible pairs (21*20/2) occurred in the same RHA and none were within consecutive months (Table 1) . Similarly, at the 90% level of significance only 178 out of 2346 possible pairs occurred in the same RHA and only three were within consecutive months ( Table 2 ). There is no evidence that regions with greater numbers of DS live births than expected are occurring in clusters in time or space.
Seasonality
Fitting a Poisson distribution found that there was also no evidence of any seasonality of DS births (P> 0.5).
District Health Authority analysis
Individual District Health Authorities
Overall the sum of the expected 3-monthly maximum for each DHA was greater than the sum of the observed 3-monthly maximum (766 versus 707). If there had been any dusters over any 3-month period the reverse would have been true. Only two DHA out of 180 appeared to have a significantly high scan statistic. In East Yorkshire there were 19 'natural' observed births during 5 years and six births were observed in one 3-month period compared with an expected maximum of two (P< 0.0052). In South Manchester there were 47 births during 5 years and eight births were observed in one 3-month period compared with an expected maximum of five (P< 0.03).
Pairs of adjacent District Health Authorities
Due to the non-independence of all pairs of adjacent DHA the overall sum of the expected scan statistics for each DHA was not calculated. Only three pairs of DHA appeared to have a significantly high scan statistic. They were: (1) Hull and East Yorkshire DHA: out of 46 births during 6 years, eight births were observed in one 3-month period compared with an expected maximum of six (P < 0.03). (2) South Parkside and Hampstead DHA: out of 105 binhs during 6 years, 13 births were observed in one 3-month period compared with an expected maximum of 10 (P< 0.02). (3) Haltonand Warrington DHA: where out of 25 births during 6 years, seven births were observed in one 3-month period compared with an expected maximum of three (P < 0.003).
Triplets of adjacent District Health Authorities
Only one DHA triplet appeared to have a significantly high scan statistic. This was in City and Hackney, Tower Hamlets and Enfield where out of 248 binhs during 6 years, 22 births were observed in one 3-month period compared with an expected maximum of 18 (P< 0.03).
Adjacent District Health Authorities
No 3-monthly maximums for any index DHA with all its adjacent DHA were statistically significant.
Discussion
This study has found no evidence of any space-time clustering or any seasonality effects. There have been very few studies examining the occurrence of clustering of DS births and such studies have used statistical techniques that lack power. 13 The study by Rothman and Fabia 2 found no evidence of clustering in DS births in Massachusetts, but did note a slight seasonal peak in the summer. A much earlier review of studies examining the clustering of DS reached the conclusion that there was no evidence for clustering over space and time and also that there were no seasonal variations.
14 Recent studies using more powerful clustering techniques have concentrated on investigating the association between ionizing radiation and the prevalence of DS*, I5~18 but have reached differing conclusions.
The scan statistic used in this study has been shown to be reasonably sensitive at detecting dusters, 19 but the lack of precise geographical location of the occurrence of births is a limitation to the study. The postcode for the mother's home is now being recorded in the NDSCR and so it will be possible to perform more precise analysis in the future.
Conclusion
There is no evidence that clustering occurs in DS. Five potential clusters have occurred at the 3% level of significance, but considering that over 400 individual statistical tests have been completed about 12 clusters would be expected to have occurred due to chance alone.
